Objectives-To determine whether integration of ultrasound (US) into a reproductive system examination clinical skills lab can increase confidence in palpating key reproductive structures during testicular and bimanual pelvic examinations, reduce anxiety about conducting testicular and bimanual pelvic examinations, and improve performance on multiple-choice questions based on structure identification using US images.
M edical students have limited opportunities to practice a reproductive system examination before their core clerkship experiences in the third year. Thus, there is a need for medical school educators to create novel teaching modalities for students to acquire the anatomic knowledge necessary for competency and confidence in these physical examination skills. A bedside US examination is a valuable diagnostic tool for constructing differential diagnoses in many clinical specialties. 1 In medical education, it has the advantage of showing medical students a dynamic view of the living anatomy that they will have seen in their study of anatomic prosections and dissections. Early exposure to ultrasound (US) in medical education is gaining traction, not only in building US skills for diagnostic use but also in facilitating physical examinations by linking palpation to visualization. 2 According to the American Institute of Ultrasound in Medicine, several medical schools in the United States have registered the inclusion of an US curriculum as part of their programs, with many incorporating longitudinal exposure over all 4 years. 3 We successfully piloted the introduction of US into the basic science curriculum, with the goal of demonstrating the applicability of anatomy to actual medical practice and preparing students for the potential appearance of US imaging on the step 1 United States Medical Licensing Examination. During year 1, students are given the opportunity to visualize and to perform US examinations on the neck, carpal tunnel, cubital fossa, popliteal fossa, tarsal tunnel, liver, gallbladder, and kidneys of volunteers. However, because of privacy issues, a different platform for demonstrating pelvic anatomy and teaching reproductive physical examination skills was necessary.
The female pelvic examination and the male testicular examination are difficult for students to master because of a lack of practice and difficulty transferring knowledge of anatomic relationships from cadavers to living patients. Students learn the corresponding reproductive anatomy during their Life Cycle block in didactic lectures and gross anatomy prosection labs, and then they have an opportunity to perform a reproductive physical examination on standardized patients in the Doctor and Patient course during the fall of their second year. Learning to perform a reproductive examination as well as learning pelvic and inguinal anatomy is a challenging experience for medical students. To help students acquire competency and confidence in these physical examination skills, the Life Cycle block director and point-of-care US team developed a workshop for teaching clinical reproductive anatomy and physical examination with US as the linker.
We believe that US will help medical students enhance their knowledge of male and female reproductive anatomy and ultimately improve their reproductive physical examination skills. In addition, it can potentially increase students' confidence in their ability to perform testicular and bimanual pelvic examinations. The objectives of this pilot study were to determine whether integration of US into a reproductive system examination clinical skills lab can increase confidence in palpating key reproductive structures during testicular and bimanual pelvic examinations, reduce anxiety about conducting testicular and bimanual pelvic examinations, and improve performance on multiple-choice questions based on structure identification using US images.
Materials and Methods
Study Design, Setting, and Participants This cross-sectional study was conducted at the University of Arizona College of Medicine, Tucson, in January 2016. The project operated under a College of Medicine Institutional Review Board-approved project on educational processes and outcomes. The study was funded through the University of Arizona Academy of Medical Education Scholars grant for medical education research. All second-year medical students during academic year 2015-2016 enrolled in the Life Cycle preclinical course were eligible to participate in this study. Students had prior experience conducting male and female reproductive system examinations as part of the longitudinal Doctor and Patient course. Students had no prior exposure to reproductive system US.
Study Protocol
Implementing the US workshop in the clinical skills lab required the management of various resources, including faculty, staff, students, standardized patients, and equipment. The faculty included family medicine and emergency medicine attending physicians with point-of-care US expertise. Before the session, narrated PowerPoint presentations (Microsoft Corporation, Redmond, WA) were made available to medical students. The educational elements in the PowerPoint presentations included US fundamentals; sonographic anatomy of the testes, epididymides, spermatic cord, uterus, cul-de-sac, ovaries, urinary bladder, and iliac vessels; and scanning techniques.
The US sessions took place in the teaching clinic, which consisted of 10 clinical examination rooms used by medical students learning interview and physical examination skills throughout the first and second years. Each room was equipped with portable US machines, examination tables with footrests, gowns, drapes, hand towels, lubricant, and gloves. Six rooms in total were reserved for these US examination sessions: 3 for female pelvic examinations and 3 for testicular examinations.
The teaching clinic staff recruited 6 female standardized patients, to guarantee that no single standardized patient would be continuously examined for more than 1 hour. Each standardized patient was prescreened by the faculty to confirm that her anatomy would be appropriate to use as a standard for student instruction. As a result of the prescreening, only 1 standardized patient was able to participate; 5 standardized patients were disqualified because their ovaries were too difficult to locate. The manager of standardized patient training recruited 5 younger women through her social network; she met with each of them to explain her responsibilities and make certain she was comfortable with her role. These 5 women were also prescreened by the faculty and determined to be appropriate for student instruction. Male standardized patients were recruited from the pool of regularly employed standardized patients.
A combination of teaching faculty and trained standardized patients served as instructors for the bimanual examination instruction. Emergency medicine department faculty were responsible for US instruction. The workshop consisted of 4 sessions lasting 2 hours each. Each 2-hour session had 30 students, with 5 students in each room, rotating from a room with a male standardized patient to a room with a female standardized patient after 1 hour. The learning objectives for the teaching sessions were set a priori. They included recognizing normal male and female reproductive system anatomy, identifying reproductive structures on US images, relating US transducer positioning to the sagittal and transverse planes, and performing bimanual pelvic and testicular examinations.
Ultrasound-based instruction included recognizing normal male and female reproductive system sonographic anatomy, identifying and differentiating structures in the female pelvis (uterus, cul-de-sac, ovaries, and iliac vessels) as seen on US images, identifying and differentiating structures in the scrotum (testis, epididymis, and spermatic cord) as seen on US images, and relating US transducer positioning to the sagittal and transverse planes. Male standardized patients were scanned with either a CX50 system (Philips Healthcare, Andover, MA) equipped with a 12-3-MHz broadband linear array transducer or an M9 system (Mindray, Mahwah, NJ) equipped with a 10-5-MHz broadband linear array transducer. Female standardized patients were scanned with either a Sparq system (Philips Healthcare) equipped with a 9-4-MHz sheathed endocavity transducer or an Ultra system (Zonare Medical Systems, Mountain View, CA) equipped with a 9-4-MHz sheathed endocavity transducer. Each endocavity transducer needed to be sterilized between student rotations, requiring a staff person to transport and sterilize the transducers every 40 minutes.
Pre-Post Survey A literature search did not identify existing survey items measuring knowledge, confidence, and anxiety specific to learning reproductive system examinations using US and standardized patients. The project team created a pre-post survey based on a review of other items related to clinical skill self-efficacy. 4 The survey was not piloted before implementation. The knowledge items used a 5-point scale (1, extremely poorly; 2, below average; 3, average; 4, above average; and 5, excellent). The confidence and anxiety items used a 6-point Likert-type response scale (1, very untrue of me; 2, untrue of me; 3, somewhat untrue of me; 4, somewhat true of me, 5, true of me; and 6, very true of me).
The pre-post survey was administered on the ArizonaMed online curriculum system, which includes a survey platform. Year 2 students were asked to voluntarily complete the survey twice as part of evaluating the new educational component in the Life Cycle block. The pre survey was available for completion 1 week before prior to the US/standardized patient session. The post survey was available for 1 week beginning after the final US/ standardized patient session.
Evaluation of the Teaching Session
The evaluation of the teaching session consisted of the following components. First a pre-post analysis of student self-reported knowledge, confidence, and anxiety was conducted (14 items total). The post-survey also included items related to student satisfaction with the session (7 items) using a 5-point scale (1, strongly disagree; 2, disagree; 3, neither agree nor disagree; 4, agree; and 5, strongly agree). Second, an analysis of practical examination results and, third, an analysis of multiplechoice question-based US image identification were conducted. Last, the team also gathered student narrative feedback on student satisfaction with the session in the post survey to provide information on value for students and possible areas for improvement.
Data Analysis
Pre-post survey data were matched by the ArizonaMed student identification number. The statistical analysis was completed on matched survey data only using SPSS version 23 software (IBM Corporation, Armonk, NY).
Descriptive statistics are presented for survey responses and continuous data. A Wilcoxon signed rank test was performed to examine the difference between responses from pre to post survey.
Results
The response rate for the pre survey was 82% (n 5 96), and the rate for the post survey was 79% (n 5 93). The total matched data received was n 5 93 (79%). Table 1 shows that students' confidence in their ability to identify reproductive system structures on US images increased from pre to post survey. Their confidence in their ability to palpate the epididymis, uterus, and ovary during a physical examination improved, and their anxiety about conducting testicular and bimanual pelvic examinations decreased. Table 2 shows the results of the Wilcoxon signed rank test of the changes in rating from pre to post survey. Most of these changes were statistically significant, with small to medium effect sizes. Student satisfaction with the session was high (Table 3) .
Scores ranged from 4.18 to 4.58 on a 5-point Likert-type scale. The highest rated item was question 20: "The US and physical examination session with standardized patients is a valuable use of block time." Students' performance on multiple-choice questions based on structure identification using US images was at 96% or higher (Table 4) . Students were retested on the same questions 4 weeks later, and their performance remained the same.
Discussion
The reproductive examination is traditionally uncomfortable for students, with the female pelvic examination causing the greatest reported discomfort by male students. 6 Ultrasound offers an opportunity to visualize the reproductive structures in a less-intimate setting, allowing students to visualize the form and position of internal structures before attempting to palpate them. This factor is especially useful in female pelvic examinations. It has been shown that US-based instruction can augment the student's knowledge of anatomy acquired 4.00 4.00 5.00 5.00 1, very untrue of me; 2, untrue of me; 3, somewhat untrue of me; 4, somewhat true of me; 5, true of me; 6, very true of me through standard teaching methods while improving understanding of the clinical relevance of anatomic concepts. 7, 8 In addition, prior studies have shown that the use of US as an adjunct to traditional teaching techniques enhanced medical students' physical examination skills. 9 Thus, this less-invasive imaging modality may alleviate students' anxiety and boost their confidence in their ability to perform an adequate 
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a Based on negative ranks, pre survey score < post survey score. b Based on positive ranks, pre survey score > post survey score. The use of ultrasound with the physical examination is a helpful teaching method.
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The ultrasound and reproductive physical examination session with the standardized patients should continue to be part of the curriculum.
The ultrasound and physical examination session with the standardized patients is a valuable use of block time.
This session improved my understanding of the testicular examination procedure.
This session improved my skill and technique with the testicular examination procedure.
5.00
This session improved my understanding of the bimanual pelvic examination. procedure.
This session improved my skill and technique with the bimanual pelvic examination procedure.
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reproductive system examination by helping them understand the living anatomy better before performing a physical examination. Finally, the portability of US makes it an ideal tool to supplement traditional methods of instruction in medical school, and real-time and dynamic anatomic instruction using US appeals to the current generation of medical students, since it is technologically advanced compared to conventional static teaching methods. 10 Our study results indicate that students' confidence in their ability to identify reproductive system structures on US images improved after the US/physical examination workshop. Their confidence in palpating the epididymis, uterus, and ovary during a reproductive physical examination also improved. Students' anxiety about conducting testicular and bimanual pelvic examinations decreased after their participation in the US/physical examination workshop. In addition to improved confidence in their physical examination skills, students' performance on multiple-choice questions was excellent. Our study particularly looked at how well students performed in US image identification and answering questions covering identification of the testes and epididymis on US images. Students retained the information when tested on the material 4 weeks after the initial examination. This finding suggests that they can satisfactorily comprehend and apply US concepts after brief training sessions.
However, we faced some challenges in implementing US-based teaching sessions. The primary challenge in organizing the sessions was recruiting premenopausal standardized patients, as the activity required women with ovaries that were easily visible with US. This task was mainly accomplished through social networking. The second logistic challenge was sterilizing the US transducers between student rotations and standardized patients. We recruited a staff member who was responsible for taking used transducers, running them to be sterilized, and taking them back. This process took approximately 20 minutes of the hour per session. We used this time to review the bimanual examination with students. The third main challenge was ensuring sufficient faculty with expertise in US to teach medical students. We recruited emergency medicine department faculty with point-of-care US expertise to fill this role. A solution to the problem of limited availability of US teaching faculty is to involve sonographers and US educators with prescreening the standardized patients and teaching medical students.
There were many limitations in our study, including the lack of a comparison or control group, random assignment into an intervention or comparison group, and additional medium-term follow-up on student confidence and anxiety with reproductive system examinations as they progress in their third-year clerkships. We acknowledge that it would be difficult for students to understand 3-dimensional reproductive anatomy after a single US workshop. Our study was limited to teaching reproductive system anatomy, and it will be useful to know whether the impact of the use of US technology to teach anatomy of other regions would be equally as positive. Another limitation of our study was that we prescreened all our female standardized patients. This screening was done to determine whether their reproductive anatomy was easy to visualize on US images and whether they were appropriate for student instruction. This factor could have contributed to improving student confidence and is not a reflection of a realworld clinical setting, where many patients do not have easily identifiable anatomy. We did not evaluate longterm retention of US concepts taught during our clinical skills labs. Additionally, our sample size was small; therefore, no conclusions regarding the long-term learning retention rates can be drawn. Future studies could focus on the long-term benefits related to patient care from early exposure to US technology during medical school education.
In conclusion, the findings from this study support integration of US into a reproductive system examination clinical skills lab. Findings indicate that students acquire competency and confidence in reproductive physical examination skills with US integration. Future research can explore whether preclinical exposure and confidence in reproductive physical examination skills are sustained in the clinical clerkship year. 
